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Abstract 
 
 
Pulse tube cryocooler are generally one dimensional flow fields. By using two stage pulse tube 
cryocooler one can reach up to very low temperature. In it the compression and expansion of 
gas inside the pulse tube generates the required temperature. The main advantage of using pulse 
tube is that it does not have any moving parts inside the pulse tube rather oscillations of gas 
inside it does the job. All pulse tube cryocooler are of closed cycle type so no mass gets exit 
during the complete cycle. There is only one moving component named as piston which goes 
to and fro motion to generate the required pressure variation. Generally helium is used as the 
working fluid to reach a very low temperature of around 4.2k. The calculations for design are 
done based on one dimensional flow model. In the Stirling type pulse tube cryocooler an 
inertance tube, two number of opposed piston compressor, Regenerator, pulse tube, cold end 
heat exchanger and hot end heat exchanger mainly. The simulation work is done of a fully 
coupled system operating in steady mode. In this ANSYS Fluent is used to study the flow 
analysis and heat transfer phenomena inside the pulse tube cryocooler. A 2D axis symmetry 
geometry of the pulse tube is considered for the CFD simulation. The external boundary 
condition used is a sinusoidal oscillating piston velocity by developing an UDF, which is 
accompanied by thermal and adiabatic condition with a known heat flux at the cold end heat 
exchanger. The aim is to check the performance of ITPTR based on CFD simulations. 
Keywords: Pulse tube; Cryocooler ; CFD; ITPTR 
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Chapter 1 
Introduction 
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1.1 General: 
Cryogenics is the generation of very low temperature below 123K. This temperature is defined 
broadly because beyond 123K the gas can be liquefied by applying high pressure but below 
123K the cryogenic fluids cannot be liquefied by applying high pressure. It came from the Greek 
word ‘kryos’ which means ‘frost’ and ‘genics’ means ‘to produce.' It implicates refrigeration, 
liquefaction, storage and transport of cryogenic fluids, cryostat design and the study of 
phenomena that occur at these temperatures. 
 
[Liquefaction Temperature of various gases.] 
 
Cryocooler is a mechanical device in which low temperature is produced by compression and 
expansion of gas. It is a closed operated cycle, which means the mass of the working gas is 
constant. It has mainly three components an expander, an heat exchanger and a compressor. 
The cold generated in the expander is exchanged between the cold end and the object to be 
cooled using an evaporator. Usually the low temperature generated at the cold end is exchanged 
between the evaporator and the object to be cooled. Usually the cryocooler is classified broadly 
in to two type’s one regenerative type and other recuperative type. Usually cryocooler will 
replace cryogens below 77K or below 4.2K temperature. Cryocooler is used generally where 
no cryogen is required. They operate at reliable and with maintenance free condition. The 
demand of cryoccoler are increasing because the cost of cryogen is going up. In Regenerative 
type cryocooler GM pulse tube type and Stirling pulse tube type cooler is there. GM type 
cryocooler are usually with valves and Stirling type pulse tube are generally valve less type.  In 
Recuperative type J-T type and Claude systems are divided. These cryocooler are specifically 
used in the cooling of superconductor and semiconductors, as well as cooling of the infrared 
sensors in the missile guided system & satellite-based supervision, SQUID (superconducting 
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quantum interference device), cry pumps, superconducting magnets, cooling of radiation 
shields, etc... 
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The main concern is to increase the efficiency of the cryocooler for better performance. GM 
type and Stirling type have been used in numerous applications. But these cryocooler have 
moving parts at the cold end which somehow decreases the efficiency, so if we remove the 
moving part at the cold end thereby increasing the efficiency. So here Pulse tube type are used 
where at the cold end there is no moving part hence increasing the efficiency. Here the gas by 
repeated compression and expansion inside the pulse tube generates the required low 
temperature. 
. 
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1.2 Stirling and G- M type Cryocoolers: 
 
1.3 Pulse Tube Cryocooler: 
 
Scientist Gifford and Longsworth first noticed some effect of cooling  at one end and pulsating 
pressure at the other end of a hollow tube in the year 1963. This lead to the initiation of the first 
type of cryogenic refrigerators known as ‘Basic pulse tube refrigerator (BPTR).' The pulse tube 
system became one of the most significant subjects in the field of cryogenics refrigeration 
primarily due to following two reasons, i.e. it has no moving parts in the cold temperature region 
and the advantages of simplicity and enhanced reliability. The primary skills of this new device, 
as in comparison with conventional Stirling and Gifford-McMahon systems, is its reliability 
and long life as a result of the absence of moving part at low-temperature region. 
 
 Working Principle of the Pulse Tube Refrigerators- 
 
Pulse tube refrigerator are analysed by first order phasor analysis then second order 
Isothermal model, Thermodynamic non symmetry effect and third order analysis is 
numerical method and CFD analysis. There is a phase shift mechanism involved in pulse 
tube cryocooler. So in Pulse tube cryocooler there is Stirling type pulse tube cryocooler 
and GM type pulse tube cryocooler. Stirling type are generally high frequency machines 
where as GM type are low frequency types. 
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1.4 Classification of Pulse Tube Refrigerators 
 
Based on nature of pressure wave generator: 
 
(i) Stirling type PTR (valveless) 
(ii) Gifford-McMahon (GM) type PTR (with valve) 
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Fig: 1.1 Schematics of basic pulse tube refrigerator (a) Stirling type (b) G-M type. 
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1.5 Components of Pulse Tube Refrigerator: 
 
 Compressor: 
Compressor is the main component in a pulse tube cryocooler. The pressurization and 
depressurization required in a pulse tuber cryocooler is done by the compressor. Based 
on the capacity and requirement compressors are used usually reciprocating type 
compressors are used. The electrical energy supplied to the compressor gets converted 
to mechanical energy which in turn results in pressure wave generation, more 
particularly it generates sinusoidal type. From the compressor pure cryogenic gas is 
supplied to the pulse tube cryocooler for further operation. There must be a pressure 
ratio which is to be maintained across the pulse tube cryocooler. 
           After cooler: 
After cooler is used to extract the entire heat that is generated in the compressor volume during 
the gas compression and spread to the environment. This minimizes the warm end temperature 
so that the regenerator can work more effectively and deliver low temperature working fluid to 
the process. Most often, these varieties of heat exchangers are assembled utilizing copper wire 
mesh screens which are directly in touch with the housing wall. 
 
 
 Regenerator: 
Regenerator is the heart of pulse tube cryocooler. After the compressed gas passes through 
the after cooler it goes through the regenerator. In this forward stroke the heat of the gas is 
taken by the matrix of the regenerator. And during depressurization the heat gets transferred 
to the cold gas from the same matrix present in the pulse tube cryocooler. So very good 
thermal conductivity material is usually used in the pulse tube cryocooler. 
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1.6.1 Basic Pulse Tube Refrigerators (BPTR): 
 
 BPTR has oscillatory pressure waves which  enforce a shuttling outcome to the working fluid in the 
pulse tube. Thus there is an  energy interaction between the working fluid and the pulse tube wall. It is 
known as surface heat pumping process. Thus, the BPTR achieves refrigeration through the surface heat 
pumping process between the pulse tube walls and the working fluid. BPTRs have relatively low 
coefficients of performance. In this there is no  hot mass flow rate as the gas does not leave the hot end. 
That is the mass flow rate at the hot end is zero. 
 
 
 
Fig: 1.2 Schematic diagram of basic pulse tube refrigerator  
 
 
1.6.2 Inertance Tube Pulse Tube Refrigerators (ITPTR): 
 
The inertance tube pulse tube refrigerator is the most recently invented PTR. Inertance means 
inertia and inductance. It means the mass flow rate is through inductive circuit or where 
impedance to flow rate occours in a tube.It adds reactive impedance to the system. The 
execution of this inductance creates a valuable phase shift in pulse tube and generates an 
improved flow of enthalpy. Studies show that use of the inertance tube is beneficial for large-
scale pulse tubes operating at higher frequencies. 
 
 
 
 
 
Fig: 1.3 Schematic diagram of ITPTR  
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1.7 Aims & Objectives: 
 
 
 
1.8 Organization of the Thesis: 
 
The thesis contains six chapters including the present chapter. In this chapter, an introduction 
about cryocoolers, its classification, working principles and general applications are discussed. 
A brief description of the basic and inertance type of pulse tube refrigerators along with their 
components are discussed. The second chapter deals with a review of the literature on pulse 
tube refrigerators and its operation principles. The third chapter describes the CFD simulation 
procedures of PTR. It included geometry creation, mesh generation, fluent set up, defining 
boundary and operating conditions. The fourth chapter describes the fluent analysis of ITPTR. 
Dynamic meshing function is explained in this chapter. Detailed FLUENT simulation results 
are discussed with contour diagrams and plots in the fifth chapter. In the last chapter, concluding 
remarks on the results and some recommendations have also been highlighted for further 
investigation. 
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Chapter 2 
 
Literature Review 
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2.1 Prologue: 
 
Scientist Longsworth and Gifford from University of Syracuse started the pulse tube refrigerator 
to get low temperature. In 1964, a newest paper [1] of it was published. According to their 
findings the method ‘Pressurization and depressurization of any closed volume from a point on 
its edge set up temperature gradients in the volume’ can obtained. From that theory a 
temperature gradients was obtained by taking suitable boundary operating condition and a 
closed volume analysis was chosen. At beginning a hollow-cylinder tube was taken and one 
surface of it exposed closed end. The closed end is maintained at ambient temperature, whereas 
the open end is used for the cold temperature. An oscillatory flow field is generated by the 
piston, and triggered so that the open side should exposed to oscillatory pressure that are coming 
from the regenerator, which again cools the open end. This type of set up is called as ‘Basic 
Pulse Tube Refrigerator’ (BPTR). 
                                          Longsworth and Gifford [2] has done  useful investigation on  
refrigeration in a pulse tube which operates at pressure ratio which is  well below compared to 
critical pressure ratio. Longsworth and Gifford [3] developed relationship with parameter like  
the cold end temperature with zero heat pumping rate regarding the ratio of length, temperature 
at hot end and specific heats ratio of gas with the help of mechanism of surface heat pumping. 
They concluded  that heat pumping effect at surface  was due to interface between fluid motion 
on the surface, exchange of energy in the fluid, and surface heat exchange, because of  periodic 
changes of gas pressure. Same authors [4] stated the possible difficulties in reversible pulse tube 
and the parameters were compared with valve type pulse tube. 
De Boer [5] proposd an efficient a model for BFTR based on thermodynamics, from the model 
the movement of gas molecules during heating and cooling was observed and the results 
obtained are more closed to temperature profiles. De Boer again [6] has done some modification 
with the same thermodynamic model with heat exchanger   at cold and hot end. Scientist J.E. 
Soo [7] analyzed the secondary flow in BPTR. In that era the efficiency is not up to the mark 
so, the practical usage seems to be very less.  
                                                  In 1984, Mikulin developed a newer design called as Orifice 
pulse tube the refrigerator. Radebaugh and Starch [8] developed a model which is to be solved 
analytically for OPTR and a simple term for the total refrigeration power were proposed. Zhu 
et al. [9]  analyzed numerically for OPTR considering  compressor  . Richardson [10] made it 
possible to decrease its temperature significantly.  Lee et al. [12] gave the theory on effect of 
gas velocity on the  surface heat pumping for OPTR. Tward et al. [11] gave some theory 
15 
 
regarding  the operation of pulse tube coolers to evaluate their rightness for the growth of long 
life space coolers. Performance and characteristics of OPTR was analyzed numerically by Wang 
et al. [14]. Kasuya et al. [13] have analyzed optimum phase angle between gas displacement 
and pressure in pulse tube refrigerator. At NASA–Ames Research Centre Kittel [15] tried to 
find optimization of the thermal regenerator and pressure wave generator to improve the 
functioning. David et al. [16] proposed the theory relating to evaluation of heat flow behavior 
through a pulse tube. Cha and Ghiaasiaan [17] studied two pulse tube refrigerator of inertance 
tube type having taking a set of dimensions for  compressor, after-cooler,  regenerator, CHX, 
pulse tube, HHX  with more than one case with different boundary conditions ,the set up were 
run for simulation. It was found that for one dimension flow model, it seems that greater length-
to-diameter ratio and for multi-dimensional flow changes suddenly at the junction of two 
components, and another flow circulation formed where length divided by diameter is small. 
Ashwin et al., [18] focuses on the working Pulse Tube Refrigerator of inductance type and the 
Orifice Pulse Tube Refrigerator having an inline and co-axial configuration. Simulation work 
has done considering the fluid flow and heat transfer, with changing length-to-diameter ratios. 
Porous medium has been chosen for heat exchanger and regenerator, and through them 
temperature gradient applied. The result showed that non-thermal.. equilibrium ..analysis yields 
a lower … cold heat …exchanger temperature. Ling et al, [19] simulated a pulse tube for the 
analysis of thermal cycle. It showed that the different thermodynamic processes took place 
when the gas pass from the ITPTR components. It was found that materials working on different 
frequency but the component is same than the thermodynamic results were approximately 
ssame. 
Gardner et al. [21] gave a new way of using an inertance tube in place of orifice valve. They 
proposed and done some calculation on phase shift between velocity and oscillating pressure 
and found that by using that with the use of inertance tube  efficiency of cooling power 
increases. Roach et al. [22] found the advantages gained by the use of an inertance tube in a 
pulse tube cooler, which provides additional phase shift between mass flow rate and pressure 
in the pulse tube section. De Boer [23] calculated the refrigeration rate for an inertance pulse 
tube cryocooler as a function of the relevant parameters in the obvious case of zero dead volume 
of the regenerator and infinite volume of the reservoir. The ITPTR is more efficient compare to 
that of the OPTR over a partial range of frequencies.  
Zhu et. al. [24] gave,,, nodal,,, analysis method ,,,for simulating inertance,,, tube ,, pulse,, tube 
,,,refrigerators .Wei et al. [25] has done  theoretical calculation for a inertance tube without a 
reservoir and found  that it gives a large phase-leading result. Based on results a larger void 
16 
 
volume of pulse tube requires larger phase-leading effect. So , phasor diagram is used to analyze 
the relationship between phase-leading requirement and the geometry of pulse tube. 
2.2. Methodology: 
2.2.1 Pulses Tube Refrigerators Process Code: 
 
The process principle of PTR is synonymous to the general refrigeration systems, but method 
of eliminating heat is little bit different. The cycle of vapor compression cycle  in figure 2.1 
process in a steady flow system in which heat is transferred from the evaporator to the 
condenser through a constant and steady flow rate of mass. The PTR depend on an oscillatory 
pressure wave in the organism for extracting heat from the chx to hhx. 
 
Fig: 2.1 Schematic diagram of the simple vapor compression cycle 
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2.2.2 Governing Equations for Pulse Tube Refrigerator: 
 
 
The above equations employ to all components, except for the aftercooler, the regenerator, cold 
and hot heat exchanger. These four constituents are exhibited as porous-media, adopting that 
there is local thermo stability of the fluid with the solid construction in the components. The 
mass, momentum, and energy equations for these four components were as follows: 
 
 
18 
 
 
 
 
 
 
 
Chapter 3 
 
CFD Simulation Procedure 
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3.1 Finite Volume Method (FVM): 
To explain the governing equation of the flud flow and transfer of heat problems, finite volume 
method is used. Exact integral balances are shown by use of coarse grid. We can try any grids 
(fine or coarse, unstructured or structured, Cartesian) also to complex geometries. In FVM, the 
domain of the solution is further divided into some continuous cells or the control volumes that 
variable is placed on centroid of control volume which form grid. Then the governing equation 
which is in differential form is integrated on all control volume. Different types of patterns are 
used for interpolation like upwind, quadratic, power-law and central type of differencing 
methods. It is known as discretized equation.    
3.2 Geometry Creation: 
 Heating and fluid flowing in the refrigeration system of pulse tube are designed by Fluent 15 
version. Initially, a proper geometry is to be created. After getting the dimensions of all the 
components of PTR, the geometry is used to create the faces. The 2-D design is made to create 
ITPTR. All faces were united after that and ‘split-zoned’ function is used to declare boundary 
conditions on each zones. As the computational geometry is Axis-symmetric in the latest case, 
so only the one half of the geometry is considered for experimental analysis. 
3.3 Mesh Generation: 
 
3.4 Boundary Settings: 
The next step is to create zones of boundaries of the geometry which are used afterwards by 
Fluent to mark the boundary conditions. In the current investigation, each of the top-lines and 
sidelines of the structure were named as “wall.”  Wall is defined as the surface which is 
supposed to be solid and no fluid would penetrate through it. 
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3.5  Fluent setup: 
Initially, the fluent will check the grid for detection of errors. It will make sure that all zones of 
it are there and have correct dimensions. If there’s negative volume detecting, there must be 
some error in grid as volumes can’t be negative. 
3.6  Defining the Model: 
 
 
 Energy: 
It enables energy equation in the solver for solving heat transfer problem. Accordingly, energy 
option is enabled. 
3.7 Defining the Material Properties: 
In this experiment, analysis fluid is helium and solid are steel and copper. Some properties are 
specified in that section like specific heat, thermal conductivity, density,viscosity and 
diffusivity. 
3.8 Describing the Operating Conditions: 
The operating condition has gravity consideration and pressure. The gravity effect is considered. 
Operating pressure is set at 35 bars. 
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3.9 Defining the Porous Zone: 
3.10 Executing the Fluent CFD code: 
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Table: 3.1 Variables and respective convergence Criteria used in the simulation: 
 
 
 
Once all the above-mentioned steps are over, iteration can be initiated with the time-step of 
47.3529 10 second and number of iterations per time step to be 20.  
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Chapter 4 
 
CFD Analysis of Stirling Type ITPTR 
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4.1 Introduction: 
Computational fluid dynamics  is the investigation of schemes relating stream of the fluid, 
heat transfer and related occurrence like chemical reactions with the help of numerical 
recreations. Fluent is used for sculpting fluid flow & heat transfer process in difficult 
engineering difficulties. We can create codes and fixed boundary condition with the help of 
UDF. An important function of fluent is dynamic meshing, which permits the user to form 
distorting mesh volumes in a way that problems concerning volume compression and expansion 
could be exhibited. Thus, its competency for explaining the .compression and expansion 
volume, creating UDF  edge conditions and modeling capability for porous media, it is chosen 
for the simulation of the Inertance tube PTR . 
         Geometry & boundary conditions of ITPTR have been given in details in the following 
chapter. The basic parameters required here are their dimensions and boundary conditions. 
Detailed magnitudes of the Stirling type inertance tube PTR are taken from the literature Cha 
et al. and a dual opposed piston model is taken in place of the compressor in the current 
simulation. Figure: 4.1 displays the 3-D view of the inertance tube pulse tube refrigerator  
systems. Likewise fig.4.3 demonstrates the 2-D physical geometry of the ITPTR. Figure: 4.1 
displays that each element of its system is cylindrical in figure and each components is allied in 
series to make an axis-symmetric system. The ITPTC is therefore sculpted in a 2D
axis-symmetric co -ordinate system. Figure: 4.2 displays the geometry of ITPTR. 
                                      Initially, a concrete physical drawing of the system is made as a single 
component in 2-D and is named in different zones. The main reason of naming the geometry to 
different components is to assign different boundary conditions to the zones as required. Figure: 
4.4 displays the enlarged axis-symmetric geometry  of the altered segments of the ITPTR with 
whole meshing . After the geometries are formed, the model boundaries have to be defined. 
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Fig: 4.1 3-D view of the inertance tube pulse tube refrigerator . 
 
 
 
 
 
 
Fig: 4.2 2-D axis-symmetric geometry of inertance tube pulse tube refrigerator . 
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Fig: 4.3 2-D view of inertance tube pulse tube refrigerator . 
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Fig: 4.4 2-D axis-symmetric  mesh of ITPTR . 
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4.3 Dynamic Meshing Function: 
The dynamic mesh model  is utilized in Fluent to show the flow in which the state of the  area 
is altering with time  because of movement in the field boundaries  corresponding in the 
reciprocating compressor  when the piston moves the area offluid . This sort of model could 
be taken care of in familiar by utilizingdynamic meshing function . The movement could be an 
endorsed movement or a un-prescribed movement where the ensuing movement is resolved 
based on the  solution at the recent time. The redesign of the cross volume section is taken 
care of consequently by familiar at every time step bearing in account the new places of the
limits. To utilize the dynamic mesh model , it was expected to give an initial volume  mesh 
and the portrayal of the movement utilizing either boundary profiles oruser-defined functions. 
The compressor has been displayed utilizing dynamic meshing as part of ITPTR. 
                               In Fluent, diverse technique is accessible by mesh upgrade like smoothing
, layering and remeshing for element fitting. The compressor is demonstrated as a solid wall
(piston) in sinusoidal sways in and out lengthwise a constantstroke length . The cylinder and 
piston walls are apparently indicated as adiabatic boundary . Work given at the piston in a 
cylinder of a compressor gives the oscillating pressure  that runs the cycle . To design the piston 
and cylinder , fluent dynamic meshing function is utilized. A user-defined function  (UDF) is 
created in C programming dialect to simulate the piston cylinder effect. The compressor
developed in that simulation is a reciprocating dual opposed piston . The piston head motion 
is found in the same way from the accompanying conditions: 
 
Piston displacement is shown as, 
X=X sin( )a t  
Where 
3X 4.511 10a m
  , 213.62 /rad s  , 47.3529 10t s   were assumed. 
For all cases, the charging pressure is 35 bar and frequency is 20 Hz. Exploration-grade helium
is taken as the working fluid , displayed as a perfect gas with a constant viscosity, heat 
capacitance and thermal conductivity. Table: 5.3 demonstrates the boundary conditions of 
model. In porous regions, the momentum transfer equations incorporate a generated term with 
inertial & viscous resistance coefficient  that had been indicated. After the boundaries are 
characterized, the solver  and the flow features were itemized in Fluent . A segregated solver
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is utilized on all the models and the job of the solver is to find out the flow and energy equation 
independently & certainly. 
 
Piston displacement is expressed as, 
 
sin( )aX X t   
Where
34.511 10aX m
  , 213.62 /rad s  , 47.3529 10 s  were assumed. 
For all cases, the charging pressure is 35 bar and frequency is 20 Hz. Exploration-grade helium 
is taken as the working fluid, displayed as a perfect gas and with a constant viscosity, heat 
capacitance, and thermal conductivity. Table 5.3 demonstrates the boundary conditions of 
model. In porous regions, the momentum transport equations incorporate a source term with 
inertial and viscous resistance coefficient which has been indicated. After the boundaries are 
characterized, the solver and flow features are itemized in Fluent. A segregated solver is utilized 
on all models. The job of the solver is to find out the flow and energy equation independently 
& certainly. 
 
4.4 User-defined function  (UDF ): 
The dynamic mesh of the fluent are used to model the compressor . C programming language is 
used to make the velocity user defined function (UDF) and is stored by writing a appropriate 
name like “piston.c”. It is put away in that folder where the mesh file is spared. UDF in fluent 
should be compiled and after that it should be connected with a cylinder which creates the 
reciprocating movement conceivable on the piston. The velocity UDF for piston head 
movement is as per the following. 
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4.4 Compiling User-defined functions (UDF): 
The first step for the compilatio of the UDF is to click i. Defined ii. User-defined iii. functions  
iv. compile . After these steps, the compiled UDF  panel will come to the screen. Then we need 
to select one proper path and will select ‘piston.c’ and then click ‘ok’. Then click the ‘load’ 
button and it will compile the UDF library. The next step is to activatedynamic meshing motion
by following steps, i.Define,ii. dynamic mesh ,iii.parameters. Smoothing and layering option is 
clicked. The last step is click ‘Define’,then 'dynamic mesh'  & ‘Zone’. Specify the piston as a 
rigid body and side walls as deforming here. Then click create and it will link UDF to piston. 
 
4.5Mesh Motion Preview : 
The next step after definig dynamic mesh is to check the mesh movement, whether it is 
reciprocating appropriately or not. To check the mesh motion, we need to select only the
compressor  portion of the geometry . The mesh motion  screening gives data in regards to the 
movement of the mesh  in either course from their underlying place as for time. It demonstrates 
the pressure and extension procedure of the compressor . From starting condition network shifts 
in upward course achieves TDC and afterward goes down till BDC . On the off chance that 
there was not appropriate coordinating between network size dividing and time increase the 
meshes will not shift. For this situation, familiar will demonstrate an error notification for 
negative volume. Thus, before beginning the reproduction, it is important to preview the 
movement of the meshes for the picked grid size . 
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Table: 4.1 Component dimensions and material used for ITPTR 
 
 
 
 
 
Table: 4.2 Boundary and initial conditions for ITPTR 
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CHAPTER-5 
Results and Discussion: 
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Computational dynamics of fluid are done for single stage of stirling ITPTR . Two differents 
boundary conditions are used at cold end heat exchanger : one is adiabatic  and second one is 
heat load of 1W. The other boundary conditions of rest of the components is not altered.  
Measurement of component with its boundary conditions  are placed in table 4.1 & 4.2 
respectively . Steady-periodic CFD simulation conclusion is discussed in that section for 
different boundary conditions at the cold end heat exchanger . 
 
5.1 Case 1:Adiabatic boundary: 
 
It relates by an adiabatic condition at the cool end wall, that is identical to zero cooling power 
connected to general system. The investigation prompts the least temperature attainable in the 
pulse tube refrigeration . Simulation is begun by an expected starting temperature  of 300 K  and 
proceeded till steady-periodic conditions  are reached. Fig.5.1 demonstrates the deviation of the 
tip temperature of cold end as a time function at the beginning of simulation. It displays that the 
temperature of walls of the cold side heat exchanger regularly falls by time: till 
cyclic steadi state condition is touched.  
 
 
 
Fig: 5.1 refrigeration behavior at the start of simulation. 
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The fig.5.2 displays the steady decline of the cyclic steady state  cool down behavior for case:1 
& case:2. The least cold side temperature  of 74.8 K is attained once taking simulation of 150  
seconds for case1. In the described simulation, verification of  the steady periodic simulation
of the system is done by examining the cold end to check if the temperature of the cold end is 
identically reiterated from one to the next cycle that is shown in Fig.5.3 and confirms the cyclic 
steady state condition. Yet, it must be underlined that in real systems, the cooling period will 
be greater than what is projected in outcome, because the thermal masses is not executed in 
method. 
 
 
Fig: 5.4  Distributions of Temperature along axial direction for case 1 
 
 
Fig: 5.5  Distributions of Densities along axial direction for case 2  
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Figures 5.4 and 5.5 showed the temperature  and density  circulations correspondingly, through 
the line of whole simulated system. The cyclic average temperature  and density  profile describe 
local sudden change of the system. The density sharing trends are regular with the ideal gas 
equation of state. Figures 5.6 and 5.7 illustrate s the temperature and density contours 
respectively under steady periodic conditions. The contours are regular with figures 5.4 and 5.5. 
The Fig. 5.18 shows the velocity vector in the pulse tube, which depicts the smooth flow without 
swirl in the pulse tube section. 
 
 
 
 
Fig: 5.6 Contours of Temperature  for case 1  
 
 
 
Fig: 5.7 Contours of Densities  for case 1 
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Fig: 5.8 Velocity vector in the pulse tube for case1. 
 
5.2 Case 2: Known Heat Load Boundary Condition: 
In this case, the simulation of inertance tube pulse tube with a constant heat load of 1W is 
shown at the cold end heat exchanger . This is corresponding to the method going for a 
refrigeration load of 1W. Initial temperature of 300K is assumed initially and is sustained until 
steady periodic conditions are achieved. Variation of the temperature of cold end with time is 
displayed in fig.5.2. The simulation showed that the cold end surface temperature of 96.9K is 
found out from the graph. 
 
 
 
Fig: 5.9 CHX wall temperature variation at cyclic steady state condition (case-2) 
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Fig: 5.10  Distributions of Temperature along axial direction for case 2  
 
 
 
Fig.5.11  Distributions of Density along axial direction for case 2  
 
 
 
 
Fig.5.12 Contours of Temperature  for case 2  
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Fig. 5.13  Contours of Density for case 2  
 
 
                                                             
                                                                           The results of fluent showed that in the for  
adiabatic (case-1), the temperature  reached at the cold end is 74.8K. When there is constant heat 
load of 1W was executed at CHX, its temperature  achieved at the cold end was 96.9K.  
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CHAPTER 6 
Conclusion 
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The ITPTR frameworks, working in periodic steady mode by an assortment of conditions of 
boundary, were mathematically solved utilizing Fluent of CFD and target was to exhibit the 
suitability of simulation of ITPTC in CFD and also to inspect the multi-dimensional stream and 
heat transfer properties. CFD reproductions demonstrated that a 1D investigation can be 
satisfactory just when every one of the segments of the inertance tube PTR have expansive 
length-to-diameter proportions. Critical impacts of multi-dimensonal and operational liquid 
distribution happen when one or more parts have moderately small ratios of length to diameter. 
The distribution pattern weakens the general execution of the framework.  
                                  Two separate simulations are investigated for ITPTR. One simulation 
expect an adiabatic cold heat-exchanger; another accept a heat load of 1W. Both simulation 
began by an expected uniform framework temperature, and proceeded till steady periodic 
conditions are accomplished. The CFD model of transient phenomenon effectively predicts 
pulse tube cryocooler  performance through understanding the –  Navier Stokes Equations  for 
momentum transfer and heat transfer of fluid, alongside the ideal gas condition. In the Fluent 
simulation the wall-thickness of the segments are neglected. However there is constantly some 
loss of conductance and it requires more research to account these impacts. 
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